1. Introduction
===============

Chronic obstructive pulmonary disease (COPD) is the most frequently encountered progressive lung disease in clinical practice and is characterized by persistent respiratory symptoms and airflow limitation that is due to airway and/or alveolar abnormalities usually caused by significant exposure to noxious inhaled particles or gases.^\[[@R1],[@R2]\]^ The burden of COPD is substantial, as it is a major cause of chronic morbidity and mortality worldwide and is estimated to be the 3rd leading cause of death by 2020.^\[[@R1],[@R2]\]^

Special consideration is warranted for patients with COPD native to high altitude (defined as beginning at 2400 m \[8000 feet\] above sea level^\[[@R3]\]^), with investigations showing that these patients have higher pulmonary artery pressure (PAP) values and right ventricle (RV) dimensions as compared with healthy volunteers living at the same altitude.^\[[@R4]\]^ Notably, a significant fraction of these patients has possible or likely pulmonary hypertension (PH) based on echocardiographic measurements^\[[@R4]\]^ and it is recognized that right-sided cardiac structural changes are associated with reduced exercise capacity in nonsevere COPD.^\[[@R5]\]^ Even healthy children born and living at high altitudes display structural changes in RV measurements.^\[[@R4]\]^ Interestingly, altitude itself does not apparently significantly influence COPD prevalence, although living at high altitude is linked to an increased risk of undiagnosed COPD.^\[[@R6]\]^

The tumor biomarker cancer antigen-125 (CA-125) may help to identify RV failure in patients with COPD. Elevated levels of CA-125 correlate with markers of RV dysfunction and PAP in COPD.^\[[@R7]\]^ Moreover, serum CA-125 can be used to identify patients with COPD who have PH,^\[[@R8]\]^ especially those with acute exacerbation of COPD,^\[[@R9]\]^ and assist with risk stratification in COPD, by predicting long-term mortality.^\[[@R10]\]^

A pleural effusion is excessive fluid that accumulates in the pleural cavity, which can impair breathing^\[[@R11]\]^ and is commonly found among patients presenting with respiratory symptoms.^\[[@R12],[@R13]\]^ Pleural effusions are caused by a variety of diseases, including pulmonary infections, pleural tumor metastasis, and tuberculous pleurisy^\[[@R14]\]^; the latter 2 conditions are difficult to differentiate in clinical practice. Accurate diagnosis of pleural effusion is extremely important for the treatment and prognosis of patients.

Pleural effusion can be diagnosed using the following imaging techniques: plain chest radiography (CXR), chest computed tomography (CT), or thoracic ultrasound. However, CXR can miss a large number of effusions, including as many as 10% of parapneumonic effusions^\[[@R15]\]^; CT is costly and not always easy to perform on patients, and moreover they are exposed to approximately 7 mSv of ionizing radiation.^\[[@R16]\]^ Therefore, highly sensitive and specific biomarkers that are convenient and apply to differential diagnoses of pleural effusions are urgently needed.^\[[@R14]\]^ Up until now, no clear association has been observed between serum CA-125 levels and radiological presentation, including pleural effusion, in patients with COPD.

The aim of this study was to determine whether serum CA-125 concentrations correlate with the development of pleural effusion in COPD, and whether CA-125 concentration plays any significant role in the risk stratification of patients with COPD residing in high-altitude areas. We classified patients with COPD by pleural effusion volumes and measured serum CA-125 concentrations in each group. We found that CA-125 concentrations correlated with pleural effusion volumes. These results suggest that CA-125 concentrations may be used to detect the pleural effusion of patients with COPD living in high-altitude areas, especially those who cannot tolerate invasive examinations such as thoracoscopy for distinguishing pleural effusions.^\[[@R17]\]^

2. Materials and methods
========================

2.1. Subjects
-------------

This study recruited 284 patients who were diagnosed with stages I to IV COPD as according to Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2013 criteria^\[[@R18]\]^ between August 2015 and June 2016 at outpatient clinics, the intensive care unit (ICU) and during hospitalization in Qinghai Red Cross Hospital, China. Inclusion criteria at baseline specified that patients had a postbronchodilator FEV~1~:FVC ratio of \<70%; an improvement in FVC or FEV~1~ of \<12% after inhaled β-agonist therapy; pleural effusions; and were aged more than 20 years. Exclusion criteria included active inflammatory disease, suspicion of malignancy, mental illness, pregnancy, and age below 20 years.

Healthy control subjects (n = 292) were people who regularly attended the physical examination center at the Qinghai Red Cross Hospital for Nationalities. Inclusion criteria specified that subjects did not have COPD and had never received standard COPD treatments; all participants had to be aged over 20 years. Exclusion criteria included any mental illness, cardiovascular disease, malignant tumor, hypertension, diabetes mellitus, renal or liver dysfunction, acute or chronic infection, pregnancy, and age under 20 years. All study subjects were born and living in a high-altitude plateau with an average elevation of over 2500 m. The study was approved by the Qinghai Red Cross Hospital Institutional Review Board (IRB number: 2017-11-29-104) and it was conducted in compliance with national legislation and the Declaration of Helsinki guidelines. All participants submitted informed written consent before enrollment.

2.2. Diagnosis of pleural effusion
----------------------------------

Diagnostic criteria and pleural effusion volumes were determined using the Philips iE33 Ultrasound System (Andover, MA), according to previously described methodology.^\[[@R11],[@R15]\]^ Briefly, the ultrasonographic examination was first done with the patient flatly supine (no pillow or head rest) to obtain values for the supine formulae. With the transducer positioned perpendicular to the chest wall, the chest was insonated at the laterodorsal/posterolateral part of the chest wall through the intercostal spaces. Measurements were taken at maximum inspiration, with the patients holding their breath. The maximum perpendicular (interpleural) distance between the posterior surface of the lung (visceral pleura) and the posterior chest wall (parietal pleura) was obtained. Patients then sat in a fully erect position (no slouching or reclining) and measurements (in centimeters) were taken for the erect formulae. The dorsolateral/posterolateral aspect of the chest wall was insonated through the intercostal spaces with the transducer oriented longitudinally along the long axis of the chest. The craniocaudal extent (lateral height) of the effusion and the lung base-to-diaphragm distance were measured at end-expiration. Each measurement was repeated 3 times and the average value was recorded. All procedures were performed and findings interpreted by an experienced intensivist. Effusion volume estimates were calculated as follows: Erect: EV = X × 90, where EV = estimated effusion volume (mL); X = craniocaudal extent (cm) of the effusion at the dorsolateral chest wall measured in erect/sitting position with the probe oriented longitudinally; 90 = empirical factor/constant.^\[[@R11]\]^

The patients were classified into 4 categories by the volumes of pleural effusion: (I) minimal volume, \<240 mL; (II) small volume, 300 to 500 mL; (III) median volume, 500 to 800 mL; and (IV) large volume, \>800 mL.

2.3. Laboratory measurements
----------------------------

Subjects were asked to fast for at least 8 hours before a blood draw; all blood samples were analyzed within 24 hours. Serum protein concentrations of tumor biomarkers (carcinoembryonic antigen \[CEA\], alpha-fetoprotein \[AFP\], CA-125, CA-15-3, and CA-19-9) and inflammatory risk markers (B-type natriuretic peptide \[BNP\], and C-reactive protein \[CRP\]) were determined by chemiluminescence immunoassay (Simens Centaur XP, Tarrytown, NY), according to the manufacturer\'s instructions.

2.4. Statistical analysis
-------------------------

The analysis used SPSS Statistics 20.0 software package for Windows (IBM Corporation, Somers, NY). All values are expressed as the mean ± standard deviation. For normally distributed data sets, the Student *t* test and 1-way analysis of variance were used to compare differences between 2 variables or more than 2 groups. The Fisher exact test or Chi-squared test (χ^2^ test) was used to compare qualitative characteristics between multiple groups. In all cases, *P*-values of \<.05 were defined as statistically significant.

3. Results
==========

This study evaluated differences in the general demographic characteristics of 292 healthy controls and 284 patients with stages I to IV COPD; all participants were living in a high-altitude area with an average elevation of over 2500 m. The demographic characteristics of the participants are shown in Table [1](#T1){ref-type="table"}. Compared with the patients, controls were significantly younger and had significantly fewer males. Most of the patients had moderate (stage II) stable COPD. Pleural effusion volumes were defined as minimal, small, medium, and large; around two-thirds of the COPD cohort had minimal or small pleural effusion volumes (Table [1](#T1){ref-type="table"}). There was no correlation between age and CA-125 concentrations in either the controls or COPD cohort (Supplementary Fig. 1). Likewise, these analyses failed to find any correlations between gender and CA-125 concentrations (data not shown). We adjusted for the effects of age and gender by multiple logistic regression models in each of the following results.

###### 

Demographic and clinical characteristics for 284 Chinese patients with COPD and 292 healthy controls.

![](medi-97-e12993-g001)

Different tumor-associated biomarkers, including CEA, AFP, CA-125, CA-15-3, CA-19-9, BNP, and CRP, were also investigated in this study. We found higher mean serum protein concentrations, particularly for CA-125, in patients with COPD than in controls (Table [1](#T1){ref-type="table"}). We therefore sought to determine whether the high CA-125 expression correlated with pleural effusion volumes, by classifying study participants into 5 groups (i.e., control, minimal-, small-, medium- and large-volume groups). We found significant correlations between CA-125 concentrations and pleural effusion volumes in each group (Fig. [1](#F1){ref-type="fig"}A and Table [2](#T2){ref-type="table"}). Further investigations revealed that this phenomenon did not differ by ethnicity (Fig. [1](#F1){ref-type="fig"}B--F).

![Correlation of serum cancer antigen-125 (CA-125) concentration with pleural effusion volume. Serum CA-125 levels in patients with chronic obstructive pulmonary disease pleural effusion in each group. (A) Overall population; (B) Zang ethnic population; (C) Han ethnic population; (D) Hui ethnic population; (E) other ethnic population.](medi-97-e12993-g002){#F1}
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Associations between pleural effusion volume, serum CA-125 concentrations, and disease-related complications in COPD patients.
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Pneumonia, pulmonary heart disease, acute exacerbations, PH, arrhythmia, respiratory failure, and tuberculosis pleurisy are all commonly reported complications of COPD. We therefore investigated the relationships between these complications and pleural effusion volume in our COPD cohort. As shown in Table [2](#T2){ref-type="table"}, we found higher rates of both pulmonary heart disease and acute COPD exacerbations in the medium- and large-volume groups than in the minimal- and small-volume groups. Unexpectedly, we found lower rates of PH in the medium- and large-volume groups than in the minimal- and small-volume groups. In contrast, no correlations were seen between pneumonia, arrhythmia, respiratory failure, or tuberculosis pleurisy with pleural effusion volume (Table [2](#T2){ref-type="table"}).

We further investigated the positive correlation between serum CA-125 concentrations and pleural effusion volume by classifying CA-125 concentrations as low or high (Table [3](#T3){ref-type="table"}). We found that pulmonary heart disease and acute COPD exacerbations occurred significantly more often in the high CA-125 group than in the low CA-125 group. Interestingly, fewer patients in the high CA-125 cohort had PH, as compared with the low CA-125 cohort (Table [3](#T3){ref-type="table"}). Pulmonary heart disease and acute COPD exacerbations appear to be positively correlated with serum CA-125 concentrations, while PH appears to be negatively correlated with serum CA-125 concentrations.

###### 

Demographic and selected clinical data of COPD patients categorized by serum CA-125 concentrations.
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Our study results indicate that serum CA-125 concentrations may serve as a biomarker to determine those patients with COPD who are at risk of pleural effusions and other disease-related complications such as pulmonary heart disease, acute exacerbations, or PH.

4. Discussion
=============

Although COPD is commonly observed worldwide, prevalence estimates vary widely by time, geography, or other factors beyond age and smoking, which can only partly explain its population variability.^\[[@R18]\]^ Previous research has reported serum CA-125 concentrations may serve as an independent predictor of risk stratification and long-term mortality in patients with COPD.^\[[@R8]--[@R10]\]^ Similarly, in this study, CA-125 concentrations were 12-fold higher among the patients with COPD as compared with healthy controls; rates of pulmonary heart disease and acute COPD exacerbations were significantly higher among the patients with COPD with high CA-125 concentrations (≥100 U/mL) than among those with low CA-125 concentrations (\<100 U/mL). Thus, CA-125 may serve as a biomarker for disease severity in COPD.

Several studies have suggested that age may affect serum CA-125 concentrations,^\[[@R19]--[@R21]\]^ especially in patients with COPD who are aged over 70 years.^\[[@R21]\]^ However, in this study, we found that age did not significantly affect either CA-125 concentrations or volumes of pleural effusion, which is consistent with other studies from China.^\[[@R22],[@R23]\]^ Whether the differences between studies in relation to age and CA-125 concentrations are due to differences between worldwide regions or ethnicities needs to be explored in future research. We were also interested in knowing whether gender affects the predictive ability of CA-125 concentrations. Previously study has shown that the primary tumor site had no effect on the predictive ability of CA-125 concentration.^\[[@R24]\]^ However, CA-125 concentration has been studied rarely in gender. Recently, one research mentioned that CA-125 has been evaluated as a marker of colorectal cancer, and its accuracy in men is controversial.^\[[@R24]\]^ In our study, we found that average CA-125 concentrations in patients with COPD did not differ significantly between men and women (data not shown).

Pleural effusions are a common finding among patients presenting with respiratory symptoms^\[[@R25]\]^ and also among patients with COPD admitted to a medical ICU,^\[[@R15]\]^ which suggests that evaluating pleural effusion volume is crucial for patient management and prognosis. Many researchers have attempted to identify a reliable marker of pleural effusion. However, no existing diagnostic marker has high sensitivity and specificity,^\[[@R26]\]^ especially for detecting pleural effusion volume. Here, we found that serum CA-125 concentrations were significantly associated with pleural effusion volumes in multi-ethnic patients with COPD living in high-altitude areas. This suggests that CA-125 concentrations may serve as a noninvasive marker of pleural effusion volume in patients with COPD and may be especially useful for those who cannot tolerate invasive examinations such as thoracoscopy.^\[[@R17],[@R26]\]^

The COPD-related complications can greatly impact quality of life, morbidity, and mortality.^\[[@R12],[@R27]--[@R31]\]^ In this study, pulmonary heart disease and acute COPD exacerbations were positively correlated with pleural effusion volume as well as with CA-125 concentrations. Previous research has reported that some tumor biomarkers, such as CEA, AFP, CA-125, CA-15-3, and CA-19-9 are associated with COPD exacerbations^\[[@R32]\]^ and that CA-125 concentrations are elevated in patients experiencing COPD exacerbations.^\[[@R9],[@R32]\]^ Similarly, our data demonstrate an association between serum CA-125 concentrations, COPD exacerbations and pleural effusion volume in patients with COPD living in high-altitude areas, regardless of ethnicity.

Commonly reported complications reported with worsening COPD include pneumonia, pulmonary heart disease, acute exacerbation, PH, arrhythmia, respiratory failure, and tuberculosis pleurisy.^\[[@R12],[@R27]--[@R31]\]^ A number of evidences suggested that altitude adversely influences health, vs medical conditions.^\[[@R6],[@R33],[@R34]\]^ For instance, PH and right-sided heart failure are more prevalent in high-altitude areas^\[[@R6],[@R33]\]^ and patients with COPD living at high altitude have higher PAP values than their counterparts living at sea level.^\[[@R34]\]^ Previous research has indicated that congestive heart failure increases CA-125 levels.^\[[@R35]\]^ However, as our study had only 3 patients with COPD with congestive heart failure, we could not perform a comparative analysis of the relationship of congestive heart failure, pleural effusion volume, and CA-125 levels.

Interestingly, we found a negative correlation between pleural effusion volume and serum CA-125 concentrations with PH. These results differ from other studies, which have reported that patients with COPD with PH have significantly higher CA-125 concentrations than their counterparts without PH,^\[[@R8],[@R9]\]^ although none of those patients were living in high-altitude areas. Moreover, our findings might differ from those of other studies^\[[@R8],[@R9]\]^ might be due to the small number of patients in our study who had PH (only 15.8% of patients in our COPD cohort). Further research is needed to explain the discordant findings. Above all, our findings suggest that serum CA-125 concentrations correlate with pleural effusion volumes in patients with COPD living in high-altitude areas. Serum CA-125 may serve as a biomarker for pleural effusion volume, pulmonary heart disease, acute exacerbations, and PH.

There are some limitations of this study. First, it is a single-center, retrospective study. Second, some potentially important prognostic data are missing, such as nutritional status of the study participants, outpatient medications, functional status before admission, and smoking habits. Third, we may have underestimated the number of readmissions, as we did not include admissions from other hospitals. However, despite these omissions, the results of this study contribute important information about patients with COPD living in high-altitude areas.

5. Conclusion
=============

We found that serum CA-125 concentrations correlated with pleural effusion volumes. Thus, CA-125 concentrations may be used to detect pleural effusions in patients with COPD living in high-altitude areas, especially in those unable to tolerate invasive examinations such as thoracoscopy. Using CA-125 as a marker to estimate the amount of pleural effusion might make testing and diagnosis safer, less expensive, easier, and faster.
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